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ABSTRACT 



A piezoelectric actuator is disclosed including an annular 
piezoelectric element and a base. There is a gap along the 
radial direction of the annular piezoelectric element One of 
the two ends, i.e., the fixed end of the said annular element, 
is connected to the base, while the other end is free. The base 
is made of piezoelectric materials. Furthermore, the annular 
element is divided into two or more annular parts along the 
direction of its circumference by the electrode patterns 
applied on its two opposite surface and/or its polarization 
directions. When driving voltages are applied, the actuator 
can generate roughly a rotary motion around the center of 
the annular piezoelectric element. The annular rotary actua- 
tor could be either a single plate or with multilayer structure. 
The present invention further relates to a dual stage head 
positioning actuator system of a hard disk drive with a 
plurality of disks and a plurality of vertically aligned head 
sliders mounted on distal ends of a plurality of suspensions 
via the annular piezoelectric actuators. 
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1 2 

DUAL STAGE ACTUATOR SYSTEMS FOR configuration and a simple potting processspujjat it can be 

HIGH DENSITY HARD DISK DRIVES USING easily manufactured and realized in a head ^mbTe) assembly 

ANNULAR ROTARY PIEZOELECTRIC (HGA). gjtmbaA 

ACTUATORS Another object of the present invention is to provide a 

5 piezoelectric actuator which has enough displacement stroke 
to meet the requirement of compensating tracking misreg- 

FIELD OF THE INVENTION istration under a supply voltage up to 15 volts. 

__ . . The above objects can be achieved according to embodi- 

The present invention generally relates to the field of ments of the present invent ion by designing the 

piezoelectric devices and more particularly, but not by way configuration, selecting appropriate electrode patterns and 

of limitation, to an annular rotary piezoelectric actuator corresponding poling scheme of a piezoelectric element, 

suitable for use as a secondary fine actuator in a dual stage Hereinafter the typical practice means will be described, 

head positioning servo system of a hard disk drive and to a accordance with one aspect of the present invention, an 

dual stage actuator system for a high density hard disk drive annular piezoelectric element with a gap along the radial 

using the annular rotary piezoelectric actuator. ^ direction is divided into two parts by an electrode crevice 

along its circumference at a certain radius. Polarization 

DESCRIPTION OF THE RELATED ART vectors in these parts are generally in the direction of its 

Piezoelectric actuators have been used as positioners or thickness and can be polarized either in the same or opposite 

driving motors in a broad spectrum of fields such as optics, direction. One of the two ends of the element is affixed to a 

precision machining, fluid control and optical disk drives w ^ving voltages are so arranged that mey make one of 

due to their characteristics of small size, simple structure, the t tw0 ' P" 8 "P 80 " h J 31 ^ ™ Me ±e t °* e ? 

_ . , . . ^ tl || | contracted, or one of the two parts expanded or contracted 

quick response and, most importantly, controllable displace- M ^ other remains This will result in roughly 

ment down to nanometers. a rotary motion of ^ free end ^ ound its rather Jike 

In the area of hard disk drives, however, there exists a the bending of a split-morph actuator, where the bending is 

competition between micro machining electrostatic, electro- 25 in the direction of its width. This actuator is actually an 

maganic micro actuators and piezoelectric actuators. The annular split electrode rotary piezoelectric actuator. Analo- 

micro machining actuators are designed to drive the slider gous to die name of "split-morph", it can be defined as 

directly. An advantage of this type of actuator is its higher "annular split-morph". If only one of the two parts is 

resonance frequency, but its stroke/voltage sensitivity is polarized, this actuator can be called partial poling annular 

very small. The piezoelectric actuators, on the other hand, 30 split-morph. If the poling vectors in the two corresponding 

are commonly used to control the motion of the suspension. P 31 ^ of ^ element are opposite to each other, this actuator 

Compared with the former, the latter has a larger stroke/ is called antiparallel annular split-morph, and if the poling 

voltage sensitivity and a relatively lower resonance fre- vectors are the same, it is called parallel annular split-morph. 

quency. Unfortunately, the resonance frequency and stroke I Q accordance with another aspect of the present 

are of the same importance to the dual stage head positioning 35 invention, a dual stage head positioning actuator system is 

servo system of the hard disk drive. A piezoelectric actuator provided for a hard disk drive having a plurality of disks and 

is disclosed in U.S. patent application Ser. No. 08/874,814 a plurality of vertically aligned head sliders mounted on 

(U.S. Pat. No. 5,898,544) filed on Jun. 13, 1997 by Todd A. distal ends of a plurality of suspensions via micro piezo- 

Krinke et al. entitled Base Plate-mounted Microactuator for electric actuators. In one embodiment, the dual stage head 

a Suspension which is assigned to Hutchinson Technology 40 positioning actuator system includes 

Incorporated. a voice coil motor as the primary stage actuator to 

Regarding the piezoelectric actuator, for the purpose of simultaneously drive the plurality of suspensions in a 

decreasing the driving voltage, type multilayer, split- l° n S str °ke; and 

morph multilayer and II-beam multilayer are presented as a plurality of piezoelectric actuators as the secondary fine 

the secondary fine actuators of the dual stage servo system. 45 actuator to drive the head slider individually in a fine 

However, the conflict of resonance frequency and stroke still stroke for precisely positioning a slider to a predeter- 

remains unresolved. mined position on a respective disk surface of the 

In the present invention a micro machining piezoelectric plurality of disks, 

actuator used to drive the slider directly is proposed to meet ^ actuator as described above is used as the fine 

the requirements of resonance frequency and stroke simul- 50 actuator ™ d each of plurality of fine actuators is 

taneously. mounted on an associated flexure tongue of one of the 

plurality of suspensions through the base, and the slider is 

SUMMARY OF THE INVENTION potted on the inner disc of the actuator. 

a 1 u- r i_ • * . j In accordance with a further aspect of the present 

A general object of the present invention is to provide a „ . , . . u . ■ . r . , , ^ r ^ 

. i . . f. 4 , , *\. . 55 invention, a driving voltage scheme is provided for any two 

new structure of piezoelectric actuator which has a function 0 & r J 



pieces of the piezoelectric elements or any two active parts 



of generating rotary deformaUon around its shape center. {n Qne piezoeIectric demem mat cnable the tw0 pieces or 

A specific object of the present invention is to provide a two pam t0 expand ^ contract at ^ same time> 

piezoelectric actuator which can be used as a secondary respectively, while the direction of the driving voltages 

actuator in a dual stage servo system of a hard disk drive. w pre serves the poling directions of the corresponding pieces 

A more specific object of the present invention is to 0 r parts throughout the operation so as to prevent depoling 

provide a piezoelectric actuator which can be mounted 0 f the piezoelectric element. The voltages applied on the 

between the suspension and the slider to drive the magnetic electrodes of the two pieces or two parts are two opposing 

pole tip of the slider to move across data tracks so as to phase AC signals added to a positive DC bias which has the 

obtain a head positioning servo system with high bandwidth. 65 same directions as the poling vector of the pieces or parts, 

Yet another specific object of the present invention is to the bias is larger than or at least equal to the amplitude of the 

provide a piezoelectric actuator which has a symmetric AC signal. 
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Perspective, 

32fe view of a multilayer annular 



Consequently, the driving voltages can precisely control 
the rotary angle of the free end of the suspension. 

One important advantage and a novel aspect of the present 
invention involves the feature of the annular structure and 
the method of separating the annular structure into active 
parts and inactive parts which enable the actuator to have the 
function of generating rotary motion within the electrode 
plane. With these advantages and features, the actuator with 
dimensions similar to the slider can be installed between the 
suspension, more specifically, flexure tongue and slider to 
drive the magnetic pole tip of the slider wide and fast to 
follow a moderate runout. 

Another important feature of the present invention is that 
the actuator can easily be fabricated into a multilayer 
structure with various dimensions by tape casting, thick film 
screen printing, sand blasting and techniques of MEMS 
(microelectro mechanical systems). 

Other objects, as well as the structure and features of the 
present invention to achieve those objects, will be apparent 
by considering the following detailed description of pre- 
ferred embodiments, presented in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

perspe ct(ve 

FIG. 1 is a tor XprospecGv^ view of the simplest structure 
of an annular spl it-morph. p ^ y ^^Qggfcy^ 

FIG. 2 is a top forospecll^ viewMan annular split-morph 
with an inner disc. 

FIG. 3 is a top frrospectr! 
split-morph with an inner disc. 

FIG. 4 is a top plan view of the internal electrode patterns 
and their alignment. 

FIG. 5 is a top plan view and side view of an annular split 
morph with an inner disc and a rectangular surrounding 
base. 

FIG. 6 is a front view of an S-type rotary actuator of the 
present invention. "Vf'l-bgO.TYl 

FIG. 7 is a front view of a fri-be anb rotarv actuator of the 
present invention. 

FIGS. 8, 8 A and 8B are a top plan view and side views of 
a piezoelectric actuator stage. 

FIG. 9 illustrates a configuration of a typical assembly of 
an actuator of the present invention and a slider. 

FIG. 10 is a diagram showing relative positions between 
the rotary actuator and the slider. 

FIG. 11 and FIG. 12 are side views of a suspension 
assembly with the micro piezoelectric actuator of the present 
invention. 

FIG. 13 is an assembly view of an embodiment on HGA. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, basic structures and preferred embodiments 
of the present invention will be described with reference to 
the drawings. FIG. 1 through FIG. 5 show the basic struc- 
tures and the corresponding operations of the present inven- 
tion. 

Referring more particularly to FIG. 1, the simplest struc- 
ture of the present invention is ilustrated. It is just a single 
piece of piezoelectric plate with an annular configuration, 
thickness t and polarized in the direction of its thickness. 

In FIG. 1, designated by reference 1 is an annular piezo- 
electric plate with a gap 2 in a radial direction. On the two 
opposite surface of the plate are the electrodes with definite 
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patterns. The plate is furthermore divided into two, i.e., inner 
and outer parts I and O by the electrode patterns. 3 and 4 
indicate two pairs of upper and lower electrodes of O and I. 
Further, 5 indicates an electrode crevice where no electrode 
is applied on piezoelectric plate 1. Designated by reference 
numeral 6 is the joint of one end of the annular plate to the 
base. 7 indicates the other end, i.e., the free end of the 
annular plate. In this embodiment, the annular plate and the 
base are an integral body made of the same piezoelectric 
materials. As described hereinbefore, the two parts I and O 
can be poled either in the same or opposite direction to form 
a parallel annular split-morph or an antiparallel annular 
split-morph. It might also be so arranged that only I or O are 
poled to form the so-called partial poling split-morph. 
Shown in FIG. 1 is a parallel split-morph. Arrows shown in 
all the drawings hereinafter represent polarization direc- 
tions. 

As shown in FIG. 1, the direction from the annular plate 
center to the middle point of the base edge is designated as 

20 the x-axis, the electrode plane as the x-y plane and the height 
direction as z-axis. The deformation of the free end as it 
moves under the effect of a driving voltage is then roughly 
a rotation around its center. Therefore, displacement of the 
free end along y-axis can be achieved. In this embodiment, 

25 the middle part of the annular element, designated by 
reference M, has also a slight displacement along the x-axis. 
The rotary angle, so as the displacement/voltage sensitivity, 
and resonance frequency of the actuators can be accurately 
controlled by varying the dimensions of its inner and outer 

30 radii, thickness t and electrode patterns. It should be noted 
that all the drawings ( relereefrj o in this document are not to 

scale. re,-Perr£cL 

FIG. 2 illustrates a modification of the simplest structure 
shown in FIG. 1. In FIG. 2, reference numerals the same as 
those in FIG. 1 designate the same components. The opera- 
tion of this actuator is similar to the actuator shown in FIG. 
1. The only difference is that there is an inner disk 8 
connected to the free end of the annular plate and it also 
constructs an integral body with the annular part. The inner 
disc can provide a relatively larger area on which the object 
to be driven, for example, the slider, is potted so that the disc 
can transmit the rotation of the free end to the object. The 
inner disc itself also roughly rotates around a center. 

To obtain a large stroke and a high resonance frequency 
are basic requirements of micro actuator design, especially 
for the secondary stage actuator of a dual stage servo system. 
It is necessary to increase the rigidity in the height direction 
while maintaining relatively high displacement/voltage sen- 
sitivity of the actuator, i.e., getting a large generative dis- 
placement under a relatively lower driving voltage. In order 
to fulfill this purpose, a multilayer structure of the present 
invention is proposed and will be described below with 
reference to the drawings. 

There are several different configurations of this multi- 
layer annular split-morph due to differences in the selected 
manufacturing method. Taking the poling scheme into 
consideration, there is also the differentiation of parallel, 
antiparallel and partial poling multilayer actuators. Multi- 
layer structures can be achieved simply by potting two or 
more single thin plate actuators together or manufactured by 
various traditional multilayer processes. Typical forms and 
variations of the present invention will be depicted below 
with reference to FIG. 3 through FIG. 5. 

FIG. 3 shows a typical configuration and its driving 
voltage scheme of a multilayer structure of the present 
invention. As shown in FIG. 3 each layer is actually a 
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parallel annular split-morph. Designated by reference figures designate the same components. In comparison to the 

numeral 9 through 12 are piezoelectric layers interleaved C-type actuator, the S-type actuator is designed to increase 

with internal electrodes. 11 and 12 each are top and bottom the structural stability as well as the resonance performance, 

piezoelectric cover layers which prevent exposure of the Furthermore, the inner disk can get more precise rotation or 

surface electrode. Internal electrode layers are exposed on 5 translation movement. Driving mechanism of the S-type 

the side of the actuator to form external electrodes A, B and rotary actuator is the same as the C-type rotary actuator. 

G. G is a common electrode providing a ground voltage of Actually, the annular piezoelectric element 1 in FIG. 1 can 

OV constantly. The electrodes A and B provide driving take any form, for example, a square frame comprising three 

voltages to inner part I and outer part O of the annular straight beams. FIG. 7 shows a front view of a tri-beam 

element respectively. The voltages applied on the electrodes 1Q rotary actuator of the present invention, the reference numer- 

A and B are two opposing phase sine wave signals added to als that are the same as those in the previous figures 

a positive DC bias which has the same directions as the designate the same components. In a straight beam of the 

poling vector of the piezoelectric layers. The bias prevents tri-beam rotary actuator is provided a slit that can be used to 

the depoling failure which occurs easily in the multilayer control the alignment of internal electrodes. Since there are 

structure. A large stroke could be achieved with the two tnree beams in the actuator, their stroke is larger than one 

opposing phase driving signals. When the voltage is applied, beam for same length, advantages of the tri-beam 

the active layers 9 and 10 can generate synchronous rotation rotarv actuator include large potting area, easy separation of 

as described hereinbefore. Because the thickness of the electrodes and small dimensions. 

piezoelectric layer is much thinner than the piezoelectric nG 8 shows other variations of the present invention. As 

plate, the multilayer annular split-morph has higher on shown in FIG. 8A, the actuator stage includes two actuators 

displacement/voltage sensitivity compared to the single 20 shown m FIG. 5 that are connected to each other through the 

mate one Of course the number of the active lavers can be irmer ±sk step 16 Each actuator generates rotational motion 
plate one. ut course the number or the active layers can be [n ite fr^on to the connecting portion relatively, 
much more than two layers as shown in the drawing. Four %, s 15 on 0 ne surface of the acmator are connected 
FIG. 4 illustrates the detailed electrode patterns of the to the shder and four steps 15 on the opposite surf ace thereof 
annular split-morph. In FIG. 4, designated by numerals 13 25 m connected to the flexure tongue. Accordingly, the stroke 
and 14 are an inner circle electrode and an outer circle 0 f the magnetic pole tip formed on the slider is enlarged to 
electrode printed on the same layer. IS is the pattern of the almost twice compared to the single actuator, 
common ground electrode of electrodes 13 and 14 printed on As shown in FIG. 8B, the actuator stage also includes two 
an adjacent piezoelectric layer. actuators that are connected to each other through the four 
Furthermore, the multilayer parallel annular split morph 30 steps 15. Each actuator generates rotational motion in oppo- 
will become a multilayer partial poling annular split morph site direction to the connecting portion relatively. One 
if one of the two electrode patterns designated by 13 and 14 surface of the inner disk step 16 of one of the two actuators 
is deleted or one of the two parts 13 and 14 is selected to is connected to the slider and the opposite surface of the 
apply a driving voltage. The multilayer antiparallel annular inner disk step 16 of the other actuator is connected to the 
split-morph can be manufactured if the two corresponding 35 flexure tongue. Accordingly, the stroke of the magnetic pole 
parts designated by 13 and 14 in each piezoelectric layer li P formed on . ±e slider is enlarged to almost twice corn- 
have opposite poling directions. Accordingly, the driving t0 ±Q sin S le actua tor. 

voltage scheme should be modified. The stroke of the partial Although the actuator stages shown in FIG. 8 includes 

poling actuator is roughly one half of that of the parallel or omv the two actuators, the number of the stacked actuators 

antiparallel actuators under the same driving voltage. 40 is not limited Spalding 0 n specific situation. Moreover, this 

FIG. 5 is another variation of present invention. The base method can applied for other piezoelectric actuators, e.g. 

plate of the actuator surrounds the annular piezoelectric 1 ™ Ms shown m nGS - 2 > 3 > 6 md T 

element so that there is enough potting area to fix the M described hereinbefore, the actuator could be either a 

actuator. Shown in FIG. 5 is an actuator with a rectangular sin S le P late or multilayer one. 

configuration. Another modification is also proposed and 45 Hereinafter, preferred embodiments of the present inven- 
will be described^dlo^Jwith reference to the drawing. Four ^on will be described with reference to FIG. 9 through FIG. 
I OLD quarter circles at four comers designated by reference 15 are 13 - I* 1 tne se embodiments, the present invention, as the 
OtS potting areas which can also be made as a step. The step is secondary fine actuator, is applied to a dual stage actuator 
slightly higher than the plane of the annular piezoelectric system of hard disk drives. The dual stage actuator system 
element so as to control the clearance between a moveable 50 comprises a conventional voice coil motor as a primary 
part of the actuator and the potting surface. For the same actuator for track seeking, coupled with a secondary micro- 
reason, the inner disc is designed to be slightly higher than actuator for settling and track following, 
the annular area as described by reference numeral 16 to FIG. 6 illustrates an embodiment of the dual stage actua- 
control the clearance between the slider and the actuator. tor system in accordance with the present invention. 
Designated by reference numeral 17 is a small bulge which 55 One of the specific piezoelectric actuators of the present 
has the same height as the step and can restrain the defor- invention, designated by reference numeral 18, is mounted 
mation of the moveable part of the actuator along the on a flexure tongue via the base surface designated by 
direction of its thickness during service. The bulge has little numeral 19. The slider designated by reference numeral 20 
effect on the rotation of the actuator and should be made of is potted to the inner disc on the opposite surface of the 
a durable material such as diamond-like carbon and so on. 60 actuator. As the secondary stage fine actuator, the actuator 
The step and the bulge could be made by ion etching, screen rotates the slider around the center of the inner disc so that 
printing process and so on. the magnetic pole tip designated by reference 21 moves 
Referring to FIG. 2, the annular piezoelectric element across the data track in a definite stroke at very high speed 
shown therein is C shaped. However, the piezoelectric for settling and track following. 

element and the inner disk can also be S shaped so that an 65 FIG. 10 shows relative positions between the rotary 

S-type rotary actuator is proposed, as shown in FIG. 6. The actuator and the slider, the reference numerals that are the 

reference numerals that are the same as those in the previous same as those in FIG. 9 designate the same components. 
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Shown in FIG. 11 is a detailed configuration of this 
embodiment, where the actuator is the one described in FIG. 
3. In FIG. 11 numerals that are the same as those in FIG. 9 
designate the same components. Designated by reference 
numerals 22 and 23 are thin adhesive layers. 24 through 26 
are the flexure tongue, load beam and dimple of the normal 
suspension, respectively. Advantages of this embodiment 
are of the relative large stroke and the small size of the 
actuator and its compatibility to the existing suspension. 

Shown in FIG. 12 is a detailed configuration of another 
embodiment, where the actuator is the multilayer one 
described in FIG. 5. In FIG. 12, numerals that are the same 
as those in FIG. 11 designate the same components. The 
valuable advantage of this embodiment is the symmetrical 
feature that is beneficial to dynamic performances of the 
slider, such as flying height stability, resonance frequency 
and so on. 

FIG. 13 illustrates the assembly view of this embodiment, 
the reference numerals that are the same as those in FIG. 9 
designate the same components. 

Although the dual stage actuator servo system in this 
embodiment is illustrated by an example of hard disk drives, 
it is also applicable to an optical disk system for obtaining 
the high compact feature. 

Properties of a typical actuator of the present invention 
are given below. The stroke and resonance frequency of the 
actuators depend on their dimensions. Following are typical 
dimensions of the multilayer actuator: total thickness from 
0.1 mm to 0.2 mm, 0.015 mm for each piezoelectric layer, 
outer diameter of the annular actuator from 0.8 mm to 1.2 
mm, inner diameter thereof from 0.5 mm to 0.9 mm, inner 
disc diameter from 0.4 mm to 0.6 mm. If a 30% pico slider 
is driven by the partial poling actuator, the stroke at the pole 
tip under 15 volts of applied driving voltage is between 1 um 
to 2.5 um, while the resonance frequency of the actuator and 
slider assembly could exceed 15 kHz. 

The advantages of the proposed actuator are readily 
apparent. Compared with the existing secondary micro 
actuators, it has enough stroke and higher mechanical reso- 
nance frequency. These performances make it into an 
extremely hopeful candidate for the secondary microactua- 
tor in a dual stage servo system. 

It is evident that the present invention achieves the objects 
and meets the ends set forth above, as well as those inherent 
therein. Various modifications may occur to one skilled in 
the art without departing from the spirit and scope of the 
invention. Accordingly, the present invention is not limited 
to the embodiments as described in details herein and as 
shown in the accompanying drawings. 

What is claimed is: 

1. A piezoelectric actuator comprising: 

a base made of a piezoelectric materials; 

an annular piezoelectric element including a gap along a 
radial direction of the annular piezoelectric element, a 
fixed end of the annular element is connected to the 
base while the other end is free, said annular element is 
divided into at least two annular parts along directions 
of its circumference by the electrode patterns applied 
on at least one of two opposite surfaces of the annular 
piezoelectric element and polarization directions of the 
annular piezoelectric element; said annular piezoelec- 
tric element is polarized in a direction of its thickness; 

a voltage driver coupled to said annular piezoelectric 
element, said voltage driver adapted to apply driving 
voltages to said annular piezoelectric element such that 
a first half of said polarized parts is at least one of 
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expanded or contracted, while another half is at least 
one of expanded, contracted or remains unchanged to 
generate a rotary motion within a plane of said elec- 
trode surface in said annular piezoelectric element to 
5 cause said free end to move in the direction perpen- 
dicular to said gap. 
2. A piezoelectric actuator set forth in claim 1, further 
comprising: an inner disc coupled to said free end, to 
provide an area on which an object to be driven is potted. 
10 3. A piezoelectric actuator set forth in claim 2, wherein 
said annular piezoelectric element is constructed with a 
multilayer configuration, where the inner electrodes run into 
said base and are exposed on the side surface of said base to 
form external electrodes. 
15 4. A piezoelectric actuator set forth in claim 3, wherein 
said base surrounds said annular piezoelectric element to 
provide a symmetrical configuration. 

5. A piezoelectric actuator set forth in claim 4, wherein at 
least part of one of the two opposite surfaces of said base is 

20 higher than said annular piezoelectric element, while at the 
opposite surface said inner disc is higher than said annular 
piezoelectric element so as to control a clearance between 
moveable parts and stable parts in the actuator, and a bulge 
is provided at a center of said inner disc surface to restrain 

25 deformation of said annular element in its thickness direc- 
tion. 

6. A piezoelectric actuator set forth in claim 1, wherein 
said base and said annular piezoelectric element are made of 
a same material and by the same process and technique. 

30 7. A piezoelectric actuator set forth in claim 1, wherein 
said base is made of a material different from said annular 
piezoelectric element. 

8. A piezoelectric actuator set forth in claim 1, wherein 
polarization vectors are in the same direction for at least two 

35 of said polarized annular parts. 

9. A piezoelectric actuator set forth in claim 1, wherein 
polarization vectors are in the opposite directions for at least 
two of said polarized annular parts. 

10. A piezoelectric actuator set forth in claim 2, wherein 
40 said inner disk and said annular piezoelectric element are 

made of the same materials and by the same process and 
technique. 

11. A piezoelectric actuator set forth in claim 2, wherein 
said inner disk is made of a different material from said 

45 annular piezoelectric element 

12. A piezoelectric actuator set forth in claim 2, wherein 
said annular piezoelectric element is C shaped. 

13. A piezoelectric actuator set forth in claim 2, wherein 
said annular piezoelectric element and the inner disk are S 

50 shaped. 

14. A piezoelectric actuator set forth in claim 2, wherein 
said annular piezoelectric element has a square frame 
including three straight beams, furthermore, a slit can be 
formed in the straight beam to control the alignment of 

55 internal electrodes. 

15. A piezoelectric actuator set forth in claim 1, wherein 
said actuator is adapted to be connected at least one of the 
inner disk and the base to at least one other annular piezo- 
electric actuator to form an actuator stage, a direction of 

60 rotational motion for said actuator is opposite that for that at 
a connecting portion to an adjacent actuator. 

16. A piezoelectric actuator set forth in claim 1 further 
comprising: 

a plurality of disks; 
65 a plurality of vertically aligned head sliders mounted on 
distal ends of a plurality of suspensions via micro 
piezoelectric actuators; and 
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a voice coil motor as a primary stage actuator to simul- 
taneously drive the plurality of suspensions in a long 
stroke; 

wherein said piezoelectric actuator serves as a secondary 
fine actuator to drive one of said head sliders in a fine 
stroke to position said slider to a predetermined posi- 
tion with respect to a surface of the said plurality of 
disks, said piezoelectric actuator is mounted on an 
associated flexure tongue of one of the said plurality of 
suspensions through the base, and the slider is potted on 
said inner disc of said actuator. 

17. A piezoelectric actuator set forth in claim 16, wherein 
each of said plurality of fine actuators is mounted on a base 
plate of one of the plurality of suspensions through the said 
base of the actuator to drive a load beam to move the slider 
across data tracks of the surface of one of said disks. 

18. A piezoelectric actuator set forth in claim 16, wherein 
said slider is potted on said inner disc of said actuator, the 
center of said slider is at least one of aligned to the center of 
said disc, front offset and back offset. 

19. A method.of actuating a piezoelectric actuator includ- 
ing an annular piezoelectric element and a base with radial 
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gap where the annular piezoelectric element includes a fixed 
end connected to the base and a free end, the base is made 
of a piezoelectric material, the annular element is divided 
into at least two annular parts along the direction of its 
circumference by electrode patterns applied on at least one 
of two opposite surfaces of the annular piezoelectric element 
and polarization directions of the annular piezoelectric 
element, the method comprising: 
polarizing said annular piezoelectric element in a direc- 
tion of its thickness; 
applying driving voltages such that a first half of said 
polarized parts is at least one of expanded or 
contracted, while another half is at least one of 
expanded, contracted or remains unchanged; 
generating a rotary motion within a plane of said electrode 
patterns in said annular piezoelectric element to move 
the free end of said annular piezoelectric element in a 
direction perpendicular to said radial gap. 
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